Abstract. In recent years, the smartphones which are integrated with many high-accuracy sensors have become very popular. Utilizing the development of sensors, developers have done many useful researchers. Indoor positioning navigation is an interesting and hot field of them.
Introduction
Nowadays, people spend 90% of their time indoors, which makes indoor location one of the most challenging technologies in location-based services (LBS). And indoor positioning has gained increasing concerns in recent years. But not like outdoors where global navigation satellite systems (GNSS) such as GPS are available, indoor location can't receive the signal of GPS due to the block of walls. And the complex environment also makes it difficult to realize positioning indoors. To resolve the problem, researchers propose lots of methods such as RFID systems, Bluetooth stations, ultra-wideband (UWB) radio systems [1] . But they all need additional equipment.
With the continual miniaturization of sensors and processing nodes, Pedestrian Dead Reckoning (PDR) systems are becoming promising options for indoor tracking. PDR systems use the combined method of the count of steps and step length to describe the distance. So step detection plays a critical role in PDR systems. And researchers have made numerous studies on some indoor positioning methods such as step detection, step counting and activities recognition.
In this paper, we propose a step counting algorithm, which can identify steps in real-time. We develop an application to detect the user's steps in the experiment. The smartphone have four kinds of sampling modules: NORMAL, UI, GAME and FASTEST. And their sampling frequencies are 5Hz, 15Hz, 50Hz and 98Hz respectively. In the research of people's walking law, we find that one walk at most four steps per second. That is to say the maximum walking frequency is 4Hz. According to the Nyquist sampling law, we can reconstruct the original signal as long as the sampling frequency is more than two times of the highest frequency. So considering the performance and power consumption, we choose the GAME module here. The relative distance and orientation between user and smartphone may affect the result of step detection. To extract the periodicity effectively, we request the user to hold a smartphone with the screen facing upwards.
The key contributions of this paper are:
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• Compare the traditional peak detection and our proposed scheme. Our proposed scheme can accumulate the user's steps correctly with simple operations.
• The proposed scheme can adapt to the tendencies of velocity. It can also receive acceptable results in non-straight path.
The rest of this paper is organized as follows. Section II introduces some related works. The scoring algorithm of acceleration and the designed adaptive window are described respectively in section III. This is then followed by our experimental results and discussion. Finally, we present our conclusion and future work in Section V.
Related Works
Many techniques have been developed to accurately identify step events, as well as to allow the wearable sensors to collect data from everywhere on the body. In this section, we discuss the existing step detection methods, which are mainly divided into the following four categories:
Peak detection-The step characteristics show that although different people are different in walking position, they have similar walking discipline. The heel strike can result in the sharp changes to the vertical acceleration. Steps can be detected by the pattern of successive peak and valley acceleration values [2, 3, 4] . Reference [3] utilizes a two-axis accelerometer to identify a step. The supporting phase, swing phase and heel-touch-down phase will appear sequentially and successfully in a step, which can be used to determine steps. The complexities of peak detection are low. But multiple local peaks which are very close to others are generated because the sensors are fixed on two feet. So the accuracy of step detection will be affected.
Zero crossing-The method identifies steps by counting the number of acceleration values which passes through the zeros axis [3, 5, 6] . Researchers prefer the method because of its simplicity. However, it can't perform well in accuracy.
Auto-correlation or template matching-The method is proposed because of the strong periodicity in the acceleration values [4, 7] . The concept of Normalized Auto-correlation based Step Counting (NASC) is proposed by the authors in [8] . The auto-correlation will extract the correct periodicity of the walker from extensive acceleration values when he walks. When the person is walking and the window length is exactly equal to the period of the acceleration pattern, the normalized auto-correlation will be close to one. A high value (close to 1) indicates that the user's state is walking and the periodicity of walking is the corresponding value of the window length. The template matching method is to collect a sample sequence of data for a step firstly. Then calculate the cross-correlation with this 'template' data and the periodicity can also be detected with the same process.
Spectral analysis-This method makes some calculation in frequency domain [8, 9] . In [8] , the authors detect the pedestrian's state by extracting the characteristics in a window which has 20 samples in frequency domain. FFT amplitude is regarded as the best method to recognize the start and stop point of steps. The length of a window needs to be set seriously. To guarantee the accuracy of steps detection, the author of [9] chooses the sampling rate of 20Hz.
The peak detection has low complexity and acceptable accuracy. We use the scoring scheme to improve its accuracy in this paper. The details will be introduced in next section.
Peak Detection Method
The original data that we receive from accelerometer is the combination of real acceleration values, gravitational acceleration and noise. The smartphone has linear acceleration which doesn't include the effect of gravitational acceleration. And it has the same coordinate system with the smartphone. But the value it returns is relative to the previous moment, which can't satisfy our requirement. So the first thing we must do is eliminating the effect of the gravitational acceleration. Holding the smartphone with its screen facing upwards, the gravitational acceleration has an impact on z axis only.
The acceleration generated by user's walking mainly consists of the vertical acceleration and forward acceleration. Fig.1 shows the change of three-axis acceleration values. And we can figure that the three-axis acceleration values all have a certain degree changes in amplitude and the values of z axis have more obvious periodicity, which is beneficial to our detection. In our experiment, we just utilize the acceleration values of z axis. In essence, our new scheme is an improvement of peak detection. Also, there are a few works have been done on peak detection. 
Conventional Scheme
Conventional scheme takes identifying peaks as the core idea [10, 11, 12] . And use a few constraints to eliminate multi-peaks. The details mainly include four aspects: Movement recognition. The state of users is classified as static state and walking state. There are many differences between the acceleration waves of the two states and the walking state has a bigger fluctuation. The standard deviation of the acceleration is used to recognize users' state [10] . The expression of the standard deviation in a sample window is described as
where k a is the kth acceleration,  is the mean of the acceleration in the window and N is the length of the window. If the standard deviation is below a given threshold, the state of the user is regarded as static state. Otherwise, walking state will be determined. There is another method in which the standard deviation is used in frequency domain [11] , but it needs longer windows.
Extract the local peak [12] . It's the core idea of peak detection. Only if the value satisfies (2), we regarded it as a local peak. (2) Threshold. The signal has many glitches which may be mistaken for local peaks, due to the impact of trembling and the accuracy of the smartphone. So the setting of the amplitude threshold is essential. Subtracting the acceleration of z axis with gravitational acceleration, we choose 1.2 as the threshold in experience, which decreases many miscarriages of local peaks.
Time interval constraint [12] . The constraint of time interval can also improve the accuracy of the step detection. People can walk 4 steps at most one second. So we set the time interval as 12 sample values.
The process of pseudo peak and pseudo trough. We may encounter the condition that in a window (the details of window will be presented in next part) there is not only one local peak exceeding the threshold. And we call them pseudo peaks. We take two options to deal with pseudo peaks. If the latter is bigger than the former, we think the latter is the real local peak; otherwise, we do nothing to the result.
Our Proposed Scheme
Now we propose the new constraint of detection. Our proposed scheme mainly includes two schemes, the scoring algorithm and adaptive window length algorithm. We need do some accumulations in a window. Not only the simple threshold and time internal, but the scoring algorithm and adaptive window length algorithm are used to decrease the possible multi-peak.
1) Scoring Algorithm
If the middle point of a window is the local peak, the left points of the middle point should have an increasing tendency and the right part have a decreasing tendency respectively in theory. The amplitude of acceleration is a good description of its characterization. We accumulate the upward change of the left part and the downward change of the right part. Finally we compare the accumulated value with the threshold to determine if a step is generated. Fig.2 describes the detailed process of detecting steps using scoring algorithm.
The detailed descriptions of our proposed scheme is as follows:
Step 1: Detect the local peak which exceeds the threshold 1 T . If it isn't a local peak point, go to the next sample.
Step 2: Calculate the window length (the details is introduced in next part) and accumulate the values in a window.
Step 3: Compare the accumulated values with the threshold 2 T using the scoring algorithm. If it's smaller than 2 T , go to the next sample.
Step 4: If the time interval satisfies the time threshold 3 T , the count of steps add 1. Otherwise, compare the value with the last peak, if the former is bigger, modify the window length. And go to the next point.
The constraint of the scoring algorithm in a window can also show the user's movement state. So we don't need recognize the state of the user specially.
2) Adaptive Windows Length Algorithm A window is the smallest unit to process acceleration values. So it's crucial to set a suitable window length. Generally, the window length is set to a constant [13] . Some works also choose the mean of several previous windows as the current window length.
The scheme we propose in this paper comes from the time series prediction method which is a general concept. And it consists of many methods which can generate some predictions and extensions according to the characters of the time series. Simple moving average method (SMAM) and weighted moving average method (WMAM) are all effective methods of time series prediction method.
SMAM is just finding the average of several windows and it can be described in (3),
where i l is the previous window length and N is the number of windows. And WMAM is the extension of the SMAM. And its expression is (4), is the corresponding of weight. We compare the two methods of calculating window length in experiment phase and the weighted one shows better performance.
Experiments
We collect the acceleration data with smartphone in two kinds of paths: straight path and U-shaped path. And we test the two methods of calculating window length with uniform velocity and varying velocity.
We use the Nubia NX513J smartphone to collect data. The experiment requires the smartphone to be holding on the hand with the displayed screen facing upwards, which can eliminate impact of the gravitational acceleration effectively.
We set the sample module as "GAME" whose sampling frequency is 50Hz, which is enough to record the change of acceleration. Our threshold values . We collect 5 sets of data with uniform velocity, and they are 20 steps, 40 steps, 60 steps and 80 steps, respectively. Each set has 30 records, making the result relatively reliable. We use the average error of rate to compare the methods' performance. The expression of average error rate is as (5) shows, is the estimated number of steps, X is the real counts of steps and N represents the number of trails. Fig.3 shows the comparison result of the conventional peak detection and our proposed detection scheme which is added the constraint of scoring algorithm in a straight path. In Fig.3 , the two shaped patterns represent the set of conventional scheme result and the result estimated by our proposed scheme respectively. The result indicates that our proposed method all have a better performance in each set, compared with the conventional scheme. The maximum error rate of our proposed scheme is 2.89% while the conventional scheme is 3.78%. To examine the applicability of the new proposed steps counting scheme, we also collect data in a U-shaped path in uniform velocity. We compare the error rate of the two methods in the new path. And the result is showed in fig.4 . It figures that the good performance is maintained even in a non-straight line path. But significantly, the performance in the U-shaped path is worse than that in a straight path because of the error generated by the swerve.
We also take some experiments to test our new proposed algorithm of calculating the window length. Our window length is mutative as the user walks. We test two methods, SMAM and WMAM, in uniform velocity and varying velocity. The experiment is made in a straight path. We choose 20 and 40 steps to make the experiment. Each set has 20 records. TABLE I. is the result of our test with a uniform velocity and TABLE II.is the result with a varying velocity. We can conclude that the two methods have the similar performance in a uniform velocity. The WMAM performs better than another algorithm in the case of varying velocity, because the former takes the correlation of the neighboring values into consideration. 
Summary
In this paper, we proposed a step detection scheme based on peak detection. The key technology of the scheme are the scoring algorithm and the adaptive window length algorithm. We use our proposed method to reduce the effect of multiple peak values, which is proved useful. The WMAM was chosen due to its continuity. We also compared it with the SMAM. In addition, to test the new scheme's applicability, we made experiments in two different paths, a straight path and a U-shaped path. Though our new scheme performed well in experiment, there are still many aspects to be improved. We restricted the smartphone to be holding with its displayed screen upwards. Therefore, our future work will extend our scheme to different modes of smartphone. Another defect of our scheme is that the designed scheme of calculating window length is just tested in two speed modes. And we can test it and evaluating its accuracy in running mode in future.
